In this article, we review guidelines which may be used to evaluate studies documenting prognosis. We describe a clinical problem involving the prognosis of a patient in an intensive care unit. An approach to the literature search is then outlined. The results of the literature search are described and criteria for the appraisal of articles describing prognosis and prognostic factors are discussed using one article as an example.
The ability to predict outcomes of patients with particular diseases has tremendous importance for the clinician, patients and their families, and healthcare administrators. For the clinician, determining a patient's prognosis may aid in therapeutic decision making. A patient with an excellent prognosis may mandate an aggressive therapeutic approach, whereas a dismal prognosis for another patient may make a palliative therapeutic approach more suitable. Staging for many cancers, a form of prognostication, may be the most important factor in making treatment decisions. For example, patients diagnosed with non-small cell lung cancer without evidence of metastasis to the contralateral hilar nodes or beyond are candidates for resective surgery and have a better prognosis than patients with extrapulmonary metastases. Thus, the prognosis of patients may have a major influence on treatment options considered by physicians.
For patients and their families, relevant prognostic information may aid in treatment decisions in light ofpersonal values, especially when radically different treatment options are all acceptable alternatives. In addition, a knowledge of the course of the illness may alleviate anxiety associated with disease, and allow families and patients to come to terms with the eventual outcome.
For healthcare administrators, an accurate appreciation of prognosis for particular diseases may permit comparisons between institutions in order to evaluate hospital-specific quality of care. For instance, if a particular hospital's mortality or length ofhospital stay for patients with a specific illness significantly exceeds that of a large cohort study, an administrator may wish to search for explanations for this difference. In addition, accurate prognostication ofpatients may aid in financial planning and in the allocation of scarce resources.
Approaches to prognosis
There are a number of approaches in determining a patient's prognosis with a particular disease (table 1). Most of us often rely on our clinical experience to predict prognosis. In the clinical problem given in box 1, you may give the family a prediction of outcome based on your experience with patients having similar diseases. However, there are several limitations in using this approach, particularly if one's clinical experience is limited. Patients are extremely variable despite having the same disease. In addition, it is human nature to recall vividly the extreme cases rather than the common, perhaps more representative, cases.
Thus, your impression of a patient's prognosis may be different following an atypical case. Finally, many similar cases are required before any confidence may be placed in predictions based on clinical experience alone. For example, assume that you've treated 10 patients with the same diagnosis and only one ofthem died. How confident are you when advising your patient's family that he had a 10% chance of dying? After calculating the standard error for this proportion (9.5%), multiplying it by 1.96, and then adding and subtracting the product from the original proportion (10%), the calculation provides confidence boundaries with an estimated mortality as low as 0% or as high as 29% (this is the 95% confidence interval). The upper and lower limits of this estimate are so large that the information is not clinically useful. In order to generate confidence intervals of ± 2.5% for the previously mentioned 10% mortality, one would need to treat 144 patients with a similar condition.
A second approach would be to consult a local 'expert' or a textbook. This approach is convenient and instructive, but there are also a number of drawbacks (table 1) . Clinical judgement and experience are best used in the interpretation of the literature and applying the findings to specific patients. Either approach alone has limitations. Coverage of prognosis in textbooks is often scanty, especially when the clinical scenario is very involved and complex. In our example, the patient suffers from diabetes mellitus and chronic renal failure, and required emergency surgery; these three conditions in combination are all likely Wanting to find a more recent article, you use the hospital library's Medline CD ROM system. First you locate the 1985 article given to you by entering 'S Lemeshow' into the 'search by author' and then 'Critical Care Medicine' into the 'search by journal'. You then proceed to join the two sets to find the articles which are common to both. Browsing through this set offive articles, you find the 1985 article along with the MeSH headings under which it has been classified. Using two of these headings (Intensive Care Units and Probability), you search the most recent 1990-94 CD-ROM to find an updated version of this article (the Mortality Probability Model-II, MPM-II) published in November 1993.4 Using the 'find similar articles' option, you generate a bibliography of recent articles regarding prognosis in the intensive care unit. Reviewing the abstracts, you feel that the MPM-II is most applicable to your patient. With this method, you used an older, possibly out-of-date article to find a more current study. van Walraven, H Criteria for assessing a prognostic study * was an 'inception cohort' assembled? * was patient surveillance complete and long enough? * were blind and objective outcomes used? * was the outcome adjusted for other factors?
Box 2
Assessing papers addressing prognosis
In studies describing prognosis, a collection ofpatients with a certain disease be assembled and their outcome over various lengths of time will be descril Often, these papers will attempt to show that certain attributes present in sonm these patients modify the patient's risk, so-called prognostic factors.5 example, from the MPM-II database a patient admitted to the intensive care 1 with chronic renal failure has a risk of dying during that admission which is times that of someone whose renal function was normal on admission to the u Information regarding prognosis may be obtained from several type' studies. A case series is a description of a very select group of patients. Des having the same disease, the patients may be quite dissimilar, having diffei disease severity, different stages of disease, and sometimes even diffei treatments. This type of information may be very useful in rare diseases or a initial description of a disease or treatment. A case-control study is slightly rr advanced, in that 'cases' of patients with a certain disease are compE retrospectively to other patients without the disease. Thus, a case se describes, while a case-control study compares. These types ofstudies docunr the potential outcomes from a given disease, but do not produce reli9 estimates of the frequency with which these outcomes occur or estimates of magnitude of risk from prognostic factors. This is because many patients v the disease may not be included in the study. Case-control designs are also n useful in very rare diseases or as a preliminary study. In a cohort study, a grou patients with the same disease is followed over time and outcomes documented. If no interventions are performed on the patients, the nati history without treatment may be determined. Finally, the control arm ( randomised controlled trial may also describe the natural history of a disease si patients are given either a placebo or standard, accepted therapy. Each sti design has advantages and disadvantages, as described in table 2. However, w attempting to establish a patient's prognosis, cohort studies should be conside as providing the most reliable information.
Critical appraisal of prognostic studies
The criteria for the critical appraisal of prognostic studies may be divided i criteria regarding how the patients were assembled and criteria regarding I the outcomes were described (box 2). These criteria are best applied to cot designs.
Was an 'inception cohort' assembled? It is essential that all patients in a prognostic study: a) meet a definition of disease which is reproducible, clinically relevant, easy to use, and accurate should be either 'disease free' or at an easily identified point early in the illnes! and have comparable stages in the natural history of the disease that is be studied. This collection of similar patients is called an inception cohort. 1 inability to assemble a proper inception cohort may significantly influence description of prognosis. 
Definitions
Inception cohort: a group of patients who are disease-free or at an easily identified point early in the illness when enrolled in a study Observational or measurement biases: systematic errors in the assessment of measurements or outcomes Internal validity: results and conclusions of a study which are free of bias, thus accurately approximating the truth for patients in the study External validity: results and conclusions of a study which are free of bias and apply to patients outside the study Box 3 Difficulties with the proper identification of the patient population may lead to a misclassification of patients resulting in misleading results. For example, if a study addressing the prognosis of patients admitted to the intensive care unit with acute renal failure followed all patients admitted with a serum urea of > 20 mmol/l, the study's conclusions would be weakened since some patients enrolled would not truly have acute renal failure. Elevated serum urea may be secondary to other causes such as dehydration or gastrointestinal bleeding rather than the more ominous diagnosis of acute renal failure. This may result in the study underestimating the true effect of acute renal failure on mortality in the intensive care unit. This example illustrates how inadequate definitions of disease in the inception cohort may lead to unreliable results.
Enrolling patients at different stages of the natural history of their disease can also result in inconsistencies. Imagine a study designed to describe the prognosis of patients admitted to the intensive care unit with an exacerbation of chronic obstructive pulmonary disease (COPD) without documenting the patients' baseline pulmonary function. Patients in the cohort with mild decreases in FEV1 would be expected to recover quickly. In contrast, patients with severely limited flow rates, may be expected to have a protracted intensive care unit course. Thus, any conclusions describing COPD patients' prognosis would depend on the 'mix' of patients in this study. Specifically, an overly optimistic prognosis would be noted ifa large number ofpatients with early COPD were studied. Therefore, assembling a group of patients at different stages of disease may result in inappropriate study conclusions.
Inaccurate results may also occur when investigators enroll patients referred from other centres. Since complicated cases are apt to be referred to specialised centres, the description of prognosis arising from these institutions may be gloomier than the prognosis of patients in community hospitals. In critically ill patients, the reverse may also occur since sicker patients in the referring centre may be too ill to transfer. The difficulties noted above are examples of referral-filter bias, where selection at each stage ofthe referral process results in a group ofpatients that are different from the overall population of patients with a specific disease.6 Referral filter may not be misleading if referral patterns are well described and similar to your own. Therefore, not only should all patients in a prognostic paper truly have the same disease and be at an early stage of that disease, but the referral patterns should also be described.
In the MPM-II, the inception cohort was very well defined, enrolling all patients admitted to the intensive care unit with few exceptions. Diagnostic criteria were precise and clinically appropriate. Also, only 10% of the patients were referred from other hospitals, with the bulk of patients admitted from hospital emergency rooms, wards and recovery rooms. Content that the study had a well-defined and appropriate inception cohort, we proceed to assess how patient outcomes were determined.
Was patient surveillance complete and long enough? Prognostic factors detected in studies may precede the outcomes of interest by varying lengths of time, from days to years. It is important that studies have appropriate follow-up periods so that they may manifest the outcomes of interest. This is especially important for chronic disease where outcomes occur late or when events are rare. In the MPM-II, patients who did not die or get discharged from the hospital, were followed for a minimum of two months after admission. Because of the acuity of the illnesses that are treated in the intensive care unit, the prognostic factors of interest for these studies usually exert their influences quickly. Thus, a follow-up time of two months is appropriate.
In addition to following patients for an adequate length of time, it is also essential that the study's surveillance of the patients be sufficiently complete. Patients who are not accounted for are said to be 'lost to follow-up'. Patients are not usually considered lost to follow-up for trivial reasons. The more people who are considered lost to follow-up in a study, the less reliable is the prognosis observed. For example, imagine that a study examining mortality of patients admitted to the intensive care unit with coma enrolled 100 patients and reported a 50%o mortality during hospital admission. If the study only determined the outcome of 80 patients, with the other 20 patients being lost to follow-up for various reasons, the true incidence ofmortality may be as low as 40%~(ifall ofthe 20 'lost' patients lived) or as high as 60% (if all of the 'lost' patients died). This example illustrates that results from studies not reporting the number of patients who were lost to follow-up should be questioned. When losses to follow-up are reported, the potential impact on study outcomes should be determined by recalculating mortality rates assuming the 'lost' patients either all lived or died (as illustrated above). This is called the best case/worst case scenario and will allow you to determine whether the results of the study should be disregarded. van 
Walraven, Hebert
The MPM-II enrolled every patient admitted to the intensive care unit at various centres during a prespecified time. All patients were included in the analysis except for 1.6% ofthe original group. Because ofthis small proportion of losses to follow-up, you believe that study is complete enough to proceed with an assessment of the analysis.
Were blind and objective outcomes used? Clinical medicine maybe subject to observational biases. Inconsistent and possibly biased assessments of outcomes may give misleading results. It is important that all outcomes used in a study are clearly defined, clinically relevant, and reproducible. As an example, a study examining whether stroke patients develop more pneumonias would need to ensure that 'pneumonia' is precisely defined using objective criteria. The diagnosis should be determined without knowledge ofthe patients' clinical status. Objectivity may be ensured by blinding both the patient and the physician. Blinding is important, especially with more subjective outcomes. An investigator's decision about whether or not to label a haziness on a chest X-ray as a 'pneumonia' may be influenced by the knowledge of the patient's clinical status. Additionally, it is desirable that more than one person be used to interpret test results involving significant judgement (inter-rater reliability).
In MPM-II, the primary outcome measure was all-cause mortality which is less prone to observational biases. While mortality is very important, other outcomes may also be relevant. One limitation of the PMP-II is the lack of indication of the patients' functional status at the end of the study period.
Was the outcome adjusted for other factors? Once overall outcomes have been described, it is often important to identify prognostic factors. Before authors claim that certain factors predict outcomes or claim that certain factors are related to outcomes, adjustments in baseline characteristics presently known to be prognostic factors should be made. These differences may influence outcomes more than the prognostic factors proposed by the study. For instance, a study comparing mortality rates following an acute myocardial infarction in teaching and nonteaching hospitals would need to make adjustments in many baseline characteristics such as age, location of the infarct, as well as treatments such as thrombolytics, aspirin, P-blockade of the two populations. Once appropriate adjustments have been made, conclusions may be drawn about the prognosis of patients following an acute myocardial infarction from each category ofhospital. Stratification and multivariate statistical methods may be used to make the necessary adjustments.
Multivariate analysis may be used to consider simultaneously the effects of a number of different variables on the outcome of interest. Logistic regression and multiple linear regression are two of the more common examples of multivariate analysis used in research. In prognostic studies, they serve three functions: to determine if potential factors significantly influence the patient's prognosis; to document the strength of the association; and to predict outcomes based on a number of factors simultaneously. While the inner workings of multivariate analyses remain a mystery to most clinicians, Sackett et aP remind us to keep two rules of thumb in mind regarding the use of multivariate analysis in prognostic studies. First, whenever an analysis produces a predictive model, it is important that it be tested on a second set ofpatients to determine the validity of the model outside of the computer or the group of patients with which it was developed. Second, when investigators report on a number of variables in multivariate analysis to decide which potential prognostic factors are important, the study should have at least 10 patients with the outcome of interest for every potential prognostic factor tested.
The MPM-II used logistic regression techniques to establish which clinical variables influenced 30-day mortality. Because more than 12 000 patients were included in the model development, the authors were able to test for many potential prognostic factors. The final model from the first cohort ofpatients was subsequently validated in a second large cohort. The MPM-II is a well-designed, well-described and internally valid study of prognosis applicable to a variety of patients admitted to the intensive care unit. Before the study's results are applied to your patient, similarities between the study patients and your own should be assessed. That is, the external validity of the study must be established. The closer an average patient in the study resembles your patient, the more confidence you may have that the conclusion of a study are applicable. If differences between an average study patient and your 
